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This invention relates to a series of arecolones and isoarecolones, the synthesis thereof, their selective 
affinity for nicotinic receptors and their use in treating Alzheimer's disease, other central nervous system dis- 
orders, pain, gastrointestinal disorders and diabetes. 

Arecolone is widely known in the art as an important intermediate in the synthesis of cholinergic agonists 
5 and antagonists as welt as other pharmaceuticals. 

Isoarecolone is known as a nicotinic agonist and intermediate in the synthesis of other nicotinic agonists. 

ReavBl, C. disclosed that isoarecolone methtodide and isoarecolone Ha could inhibit binding and produce 
nicotine-like discriminative stimulus effects in rats. Reaviil. C.. et al. t Neuropharmacoioov 26. 789-792 (1987). 

Moreover, Spivak, C. found that isoarecolone methtodide (l-rnetrryl-^acetyl-l.^a.e^tetrahydropyridine) 
10 was a very potent agonist which binds to nicotinic and muscarinic receptors. Spivak, C, et al Mol Pharmacol 
36, 177-184 (1989). : " 

This invention provides a new synthesis for a series of arecolones and isoarecolones, their selective af- 
finity for nicotinic receptors and their use in treating Alzheimer's disease and other central nervous system 
related disorders. 
15 This invention relates to compounds of the formula 



45 



55 




or 




wherein 

R is ((VC 6 ) alkyl, (QrC e ) alkenyl. (Ca-Qj) alkynyl, (CrGe) alkoxyalkyl, (C^Ce) aikyithioalkyl, (C2-C 8 ) alkylami- 
noalkyl, (CVCe) cydoalkyl, (C r C 6 ) alkyl substituted with (Cg-Ce) cycloalkyl. or (C r Ce) polyf luoroalkyl; 
each R 1 independently is hydrogen or (Ci-C*) alkyl; or a physiologically acceptable acid addition salt thereof. 

The invention also provides a pharmaceutical formulation comprising a compound of formula I or II in com- 
bination with a pharmaceutically acceptable exclplent therefor. 

Another embodiment of the invention Is a method for treating a mammal with a central nervous system 
related disorder wherein said disorder is related to nicotinic agonist or antagonist activity, which comprises ad- 
ministering an effective amount of the compound or a pharmaceutically acceptable salt thereof. 

The general chemical terms used in the formulae above have their usual meaning. For example, the term 
"alkyl" represents a straight or branched alkyl chain having the indicated number of carbons. "(C^Ca) alkyl" 
groups are methyl, ethyl, n- propyl, and isopropyl. 

The term "((VCe) alkyl" includes both straight and branched chain alkyl and includes ethyl, n-propyl, iso- 
propyl, n-butyi, sec-butyl, isobutyl, tort-butyl, n-pentyl. 2-methylbutyi. 3-methyibutyl, n-hexyl, 4-methylpentyl 
and the like. 

Cycloalkyl refers to a radical of a saturated cyclic hydrocarbon with the indicated number of carbons such 
as cyclopropyl, cyclobutyl, cyclopentyl. or cyclohexyL 

The term "(Cz-Ce) alkenyl" refers to olef inically unsaturated hydrocarbons, such as -CFNOk -CH 2 CH=CH> 
-CH 2 CH 2 CH=CH 2 , -CH<CH3)CH=CH2, and the like. 

Polyf tuoro in "C r C 6 polyf luoroalkyl" means (F 2 -F 13 )-alkyl. 

The term "(C^Ce) alkynyl" refers to unsaturated hydrocarbons which contain triple bonds, such as -CsCCBi 
-CH 2 OCH, -CH 2 CH 2 OsCH, -CH(CH 3 )OH, and the like. 

(Cz-Cq) alkoxyalkyl means a group of 2 to 6 carbons which is interrupted by an 0. (Cz-CeJalkylthioalkyl 
means a group of 2 to 6 carbons which is interrupted by a S. (Cj-Ce) alkylaminoalkyl means a group of 2 to 6 
carbons which is interrupted by a N. 

The term "physiologically acceptable acid addition salt", synonymous with and used interchangeably here- 
in with "pharmaceutically acceptable salt", encompasses that salt that forms by acid-base reactions with basic 
groups (such as amino groups) and acidic groups, particularly carboxylic acid groups, on the compounds of 
formula I or II. Thus, a physiologically acceptable acid addition salt of the present invention can be prepared 
by conventional chemical methods from the compounds of formula I or II which contain a basic or actdic moiety. 
Generally, a salt is prepared by reacting the free base or acid with a stoichiometric amount or with an excess 
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of the desired salt-forming acid or base in a suitable solvent or combination of solvents. Suitable salt-forming 
acids include inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric nitric, and the 
like; organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic citric malic tartaric ascorbic 
pamoic. maleic hydroxymaleic phenylacetic glutamic, benzoic, salicylic, sulfamic 2-acetoxybenzoic fuma- 
de, toluenesulfbnic, methanesulfonic, ethanedisulfonic, oxalic benzenesulfonic picric cinnamic and like 
acids. Bases which find use for preparation of salts of compounds of formula I or II having an acidic moiety 
include alkali or alkaline earth metal hydroxides such as sodium, potassium, lithium, calcium, or magnesium 
hydroxides, ammonia, or organic bases such as benzylamine, dibenzyiamine, dibenzylethylenedlamine, trie- 
thyfamine, trimethylamine, piperidine, pyrrolidine, 2-hydroxyethylamine, bls(2-hydroxyethyt) amine, phenyle- 
thyl-benzylamine, and like organic amines. 

It has been speculated that nicotine acts in regions of the brain that are rich in binding sites, such as the 
mesolimbic dopamine system. Stolerman, I., New Scientist 128 . 33-35 (1930). Biochemical studies support 
this theory by showing that nerve terminals of the mesolimbic dopamine system carry nicotinic receptors. Id. 
It has also been proposed that the neurotransmitter, 5-HT, may possibly act as 5-HT 3 receptors to enhance 
the effect of nicotine on the dopamine system. |d. Radioligand binding studies using PH}-nicotine and PH]- 
acetylcholine have shown that Alzheimer's disease is associated with decreases in the cortical density of nic- 
otinic acetylcholine receptor binding sites. Schroder, H. etal., Neurology of Aging 12. 259-262 (1991). 

The compounds of this invention have cholinergic nicotinic activity. They displace the selective nicotinic 
ligand PH)-N-{methylcarbamyl)choline(PHJMCC) from rat membranes. This affinity for nicotinic receptors is in- 
dicative of nicotinic agonist or antagonist activity; and compounds with such activity wBI find their use in the 
treatment of central nervous system disorders such as Alzheimer's disease, Parkinson's disease, neuroleptic 
disorders, tardive dyskinesia, psychosis or Gales de la Tourette syndrome; other CNS disorders where nicotinic 
agonist or antagonist activity is believed to be a causative factor, such as panic attacks and other forms of 
anxiety; gastrointestinal disorders such as irritable bowel syndrome, ulcers, excess pancreatic or gastric se- 
cretion, acute pancreatitis, motaity disorders, neoplasms of gastrointestinal origin; in modulating appetite reg- 
ulatory systems; pain, and diabetes. 

A group of representative compounds according to the invention wQI be mentioned by name, to assure that 
the reader of this document fully understands the compounds. 

1 -(1 ,2,5,6-tetrahydro-1 -methyl-3-pyridinyl)-1 -propanone hydrochloride, 

1-(1 ,2,5,6-tetrahydn>3-pyridinyi)-1-butanone hydrochloride, 

1-{1,2,5,6-tetrahydro-1-methyl-3-pyridinyl)-1-pentanone ethanedioate (1:1). 

1-(1,2,5,6-tetrahydro-1-methyl-3-pyridinyI)-cis-2-buten-1-one maieate (1:1), 

1-(1,2 ( 5,6-tetrahydn>1-methyl-3-pyridinyl)-2-propyn-1-one fumarate (1:1), 

(1,2,5,6-tetrahydro-1-ethyl-3-pyridinyl) cydopropylmethanone hydrobromlde, 

1-(1,2,5,6-tetrahydro-1-ethyl-3-pyridinyl)-2-methoxyethanone citrate (1:1), 

1-(1,2,5,6-tetrahydro-1-methyl-3-pyridinyl)-2-cyclobutylethanone hydrochloride, 

1-(1,2,5,6-tetrahydro-1-meth^3-pyridinyl)-3-methylthiopropan-1-one maieate (1:1), 

1-(1,2,5,6-tetrahydro-1-methyl-3-pyridinyl)-1-hexanone hydrogensulfate (1:1), 

1-(1,2,5,6-tetrahydro-1-propyl-3-pyridinylH-P6ntyn-1-one hydrobromlde, 

1 -(1 ,2,5,6-tetrahydro-1 -methyl-3-pyridinyl)-trans-3-hexen-1-one citrate (1:1), 

1-(1 f 2,5,6-tetrahydn>1-methyt-3-pyridinyl)-5-hexen-1-one ethanedioate (1:1), 

1 -(1 ,2,5 t 6-tetrahydro-1 -methyl- 3-pyridinyl)-2-dimethylaminoethanone hydrochloride, 

1-(1,2,5,6-tetrahydro-1-methyl-3-pyridinyl)-2,2,2-trifluoroethanone fumarate (1:1), 

1-(1 ,2,5,6-tetrahydrc-1-methyl-3-pyridinyl)-2,2,3,3,3-pentefluoroproparHl-one ethanedioate (1 :1), 

1-<1 -methyl- 1,2,3,6-tetrahydrch4-pyridinyl)-1 -propanone ethanedioate (1:1), 

1-(1-methyl-1,2.3.6-tetrahydro-4-pyridinyl)-1-butanone ethanedioate (1:1), 

1-(1-methyl-1,2,3,6-tetrahydro-4-pyridinyl)-1-pentanone hydrochloride, 

1-(1-methyl-1,2,3,6-tetrahydro-4-pyridinyl)-2-butyn-1-one ethanedioate (1:1), 

H1-methyl-1,2,3,6-tetrahydro-4-pyridinyl)-2-methyl-1-butanone ethanedioate (1:1), 

1 -(1-ethyM ^,3,6-tetrahydro-4-pyridinyl)-CAS-3-penten-1-one hydrobromide, 

1-(1-propy1-1^ t 3,6-tetrahydro-4-pyridinyl)-1-propenone maieate (1:1), 

1-(1,2-dimethyl-1,2,3,6-tetrahydro-4-pyridinyl)-ethanone fumarate (1:1), 

1 -(1 ,5-dimethyM ,2,3,6-tetrahydro-4-pyridinyl)-1 -butanone hydrogensulfate, 

1-(1-methy1-1,2,3 ( 6-tetrahydro-4-pyridinyl)-3-ethylthtopropan-1-one hydrochloride, 

1-(1-methyl-1,2,3,6-tetrahydro-4-pyridinyl)-2,2-dimethylpropan-1-one maieate (1:1), 

1-(1-methyl-5-ethyt-1,2,3,6-tetrahydro-4-pyridinyl)-ethanone ethanedioate (1:1), 

1-(1-propyl-1,2,3,6-tetrahydro-4-pyridiny1)-3-methylpentan-1-one hydrochloride. 

H1-methyl-1,2,3,6-tetrahydro-4-py hydrogenbromide, 
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<1-methyM,2,3>tetra^ fumarate (11) 

H1-ethyl-1^ ( 3 f 6-tetrahydro-4-pyridirTyl)-3.buten-1-one maleate (1:1), and 
1-(6-methyl-1 f 2 ( 3,6.tetrahydro^-pyridinyl)-ethanone hydrochloride. 

pref£^ 

(a) the compound of formula I or II wherein R is (QrCe) aikyl. 

(b) the compound of formula I or II wherein R is (CrCe) alkynyl. 

(c) the compound of formula I or II wherein R Is -CH 2 CH 3 . 

(d) the compound of formula I or II wherein R is -{CH^ 2 CH Z . 

(e) the compound of formula I or II wherein R is -CsCCH 3 . 

(f) the compound of formula II wherein R is -C(CH 3 ) 2 CH 3 . 

(g) the compound of formula I or II wherein R is alkyl. alkenyl, alkynyl 

<h) the compound of formula I or II wherein R is alkoxyaikyl, alkylthioaikyl. alkyiaminoalkyl 
(t) the compound of formula I or II wherein R 1 is methyl. ^* 
(j) The compound is a salt 

It will be understood that the above classes may be combined to form additional preferred classes 
Physiologically acceptable arecolones and isoarecotones are the compounds described fr rSTL-nf 
dement, irking but not limited to those having the above R and rSIS^'S 

a J i n J^ZT aS ^ t °' ' hiS inVenti ° n th6re is V™'** Pharmaceutical formulations comprising as an 
active mgred ent an effectrve amount of a compound of formula I or II and a pharmaceutical acceptable cTr 
ner.^c.p,en or diluent therefor. Such formulations can be prepared for oral or parente^adSaton Z 

tromtestinal central nervous and appetite regulatory systems of mammals, especially man 9 

in t^ 0r < ^^l COmP0Un f ° f ,hiS inVenti0^ • the 8e,ected c™?™* can be administered, for example 
in the form of tablets or capsules, or as an aqueous solution or suspension In the case of tahtah, ^ZCf' 
e^ptenfctodud^ 

(Povidone) methyloellulose. ethylcellulose. sodium carboxymethylcel.ulose hydroxypraSm^^^ 
sucrose and starch; f D ,ers and carriers, for example, corn starch, getatin. lactose^cZ ^cStele 

SXZSS T^f^ Ph ° 8Phate - " odta " Chl0rida and alginic S^SS 
ZEZZ?'- ? '^nbsu(*ascro S carmellose.microcrystelline cellulose, corn starch, sodium m££ 

S! J^*? , Uttab ' e W6ttln9 a9ent8 SUCh 88 ,aur * 8u,fate - Fc * «■ admin^raaJT ££2. 
form, useful diluents Include lactose and dried corn starch. When aqueous suspensions are desirable fa^ 

r* 9 lucosa ' su 9 ars y™P. gelatin, hydroxyethylcellulose. cart^xymethylcellulose alum irr^stean^ 

v^ZETT 8dib ' e ° P3 ' ^ 6XamPle ' alm0nd ° D - fraCti0na,ed ~ <»• °»V « ZZSjS 
orethyl alcohol; flavoring agents such as peppermint, oil of v^tergreen. cherry flavi^ 

ervatrves such as methyl or propyl p-hydroxybenroates or ascorbic acid. P 
u « T ™ jf*" 1 ^ 1031 formulations in accordance with this invention can also be prepared for parenteral 
Z££tt£222£ ^ ^sc-utions of the actr'e i^t 

mJOlS??"* * lhe CCmpound of the P resent invention for its use as nicotinic receptor agonist or 
antagon.st in humans wBI vary according to the age. weight and response of the individual patiert. aTweli « 
the seventy of the patent symptoms and the nature of the condition being treated. Thus tne Serr^ da^v 
dose w. normally be determined by the prescribing physician. However 9 in most iruJncas SEE S 

oZenT^rT,? th ' S inVen,i ° n W81 ra "9 e **" about mg/kg/day to about 50 \5S£ tj 
preferably about 1 mg/kg/day to about 25 mg/kg/day in a single or divided doses "W°ay and 

show^i7^ 

Scheme I which describes a process for preparing a compound of formula I. used the ketone synthesis 
developed by Wnreb and Nahm. Nahm. S. etal. Tetrahedron Letters. 2P mi^. ^JT^S 
l^Z eSe ^f f***™— dimethylformamide (DMF), inverted a 1.2.5.6-tetahydSvri3^ 
? h hyd,Dbrom l de 1=1 to ib acW «M°"*- ™e «*• blonde reacted w h N,CmS2L 
ylamine in the presence of a tertiary amine base to give the corresponding amide, struciire 1-2 in 8 T^ 
yield. The arrude could be purified by HPLC or isolated as its hydrochloride salt, but was normaKedVn 2 

reagent at 0-60 C. the am.de 1-2 gave arecolones M in 5-80% yield with specific examples being given in 
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Table I. Reactive Grignard reagents gave good yields of arecolines, whereas less reactive Grignard reagents 
produced poorer results. The yields obtained with the less reactive Grignard reagents could be improved by 
conducting the reaction at ambient temperature or higher or by using the corresponding organometallic re- 
agent 



Scheme I 
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CH3CH2CH2CH2 
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Li 


9 


0 


60 



Scheme II describes the process for preparing a compound of formula II. Compound 2^1, 1,2,3,6-tetrahy- 
dropyridine-4-carboxytic acid hydrochloride, obtained from commercially available ethyl ester, was converted 
to its acid chloride with N t O-dimethylhydroxyiamine to give the Nahm amide, structure 
£2, in 80-90% yield. The amide compound of structure 2^2, in the presence of one to nine equivalents of 
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Scheme II 

COgH 




1 NHCH 3 (OCH)3 HCI" 
amine 





» the scope of the instant invention ^a j w<rT "* ^ ^ 001 to to «*ttru«l as limiting 

u^^OoTcalr^^ — A Wate. PrepLCASOOA 

F254 silica gel plates were usedfbX A.'. Zl£ T specif "* i - for hplc separations. Merck 

Preparation of N-Methoxy-1 ^imethW-1^ ■ i .6. tetra h U H^ rvridinecart , Q]tafnirio 

Crfed, and 23.25g tOW^S o ES^nl^^T""- ™ 8 residue wa3 -"P—* in 1 liter of 
was cooled too -C 'and S5 i pJSnl ^T"" 8 M^'orice was added. The reaction mfctJe 

« removed and the J£%«!S^^ 7 SHrrin9 - A,terthe add « to "- ,h * cooling was 

ice-water. The pH was iSSiS STrn Z "rT^ ^ Msd ,n 100 ' - 

CH 2 O s each tJme. The MM ^££J£ b^H h ^ eX,raCte<, « «*" 180 ml of 

The liquid was treated Z 200 JoTe Z !£S T"' to «** 9 ye "° W liau,d - 

drying in vacuo to remove residual pyridine 34 3 o^Trl^ , m „ If?* eva "° rated - " •» borough 

*> carboxamide was obtained tta*Z22EZ*T . 't™^^***™^****^^ 
Mrochic^esaitwaT^ 

135 X. pmr ppm (deuterium oxide^ 27 (2K J 3^1 

4.2 (2H. br m), 6.65 (1H, m) ( (3H S) ' 3237 (2H - br,n >' 3 7 5 (3H. s), 3.8- 

^ Art Calcd. for C.H^HCI: C 46.98,- H, 7.76; N. 12.69. Found: C. 49.20; H, 7.95; N, 12.57. 

Example 1 

1-<1,2 t S t 6-Tetfahvdro.1- m ethvl-3-pvridinyl)-athanon9. 

tracted 3X with 25 rrf of ch « »nn »h Gngnard reagent used. The mixture was ex- 

* orating ' 5 l^'Z°ZZT^ ^ "* h ^ Afterd "** 

uU. 79% yield. T^ hy<S L^^^^l^y-^ m ^ thanone obtained as a yellow £ 
2-41 (3H. S). 2.79 (2H. m). 3^3 H ^ 

An*. Calcd. for C^NO-HC.: C 54. 7 0; H. i.X JJ^ftS??™ ?/* ^ * 
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Example 2 

l-Q^^S-Tetrahydro-l-methyl-a-pyfidlnyl^l-propanone. 

5 A solution of 1.85 g (0.01 mole) of N-methoxy-1 ,lsMimethyl-1,2,5,6-tetrahydro-3-pyridinecafboxamide in 

20 ml of dry tetrahydrofuran was cooled to 0 °C as 15 ml (0.03 mole) of 2 N ethylmagnesium bromide in tet- 
rahydrofuran was added dropwise. After 1.5 hours, the reaction mixture was poured into 30 ml ice-water con- 
taining enough 5 N hydrochloric acid to neutralize the amount of Grlgnard reagent used. The mixture was ex- 
tracted 3X with 25 ml of CHjCk and the combined organic extracts washed with brine. After drying and evap- 

10 orating the solvent, a yellow liquid was obtained that was purified by hplc elutlng with an 8 liter gradient starting 
with CH2CI2 and going to 7.5% methanol- 1% ammonium hydroxide. The hydrochloride salt of 1-(1 ,2,5,6-tetra- 
hydro-1-methyl-3-pyridinyl)-1-propanone crystallized from ethyl acetate as the dihydrate, 0.12 g, 5% yield, mp 
112-114 *C. pmr ppm(deuterium oxide) 1.05 (3H, t), 2.75 (2H. m). 2.82 (2H, q), 3.0 (3H. s), 3.12-3.3 (1H, m), 
3.5-3.85 (2H, m), 4.18 (1H, m), 7.35 (1H, m). 

15 Anal. Calcd. for C9H 1S N0-2H 2 0-HCI: C, 47.89; H, 8.93; N, 6.21. Found: C, 48.17; H, 8.65; N, 6.19. 

Example 3 

1-(1^ > 5 t 6-Tetrahydro-1-methyl-3-pyrldinyl)-1-butanone. 

20 

A solution of 1.85 g (0.01 mole) of N-methoxy-1 v N-dimethyl-1,2,5,6-tetrahydft>3-pyridinecarboxamide in 
20 mi of dry tetrahydrofuran was cooled to 0 °C as 8 ml (0.022 mole) of 2.8 M propyl magnesium chloride in 
ether was added dropwise. After 1.5 hours, the reaction mixture was poured into 30 ml ice-water containing 
enough 5 N hydrochloric acid to neutralize the amount of Grignard reagent used. The mixture was extracted 

25 3X with 25 ml of CH 2 Ci 2 and the combined organic extracts washed with brine. After drying and evaporating 
the solvent a yellow liquid was obtained that was purified by hplc eluting with an 8 liter gradient starting with 
CH 2 CJ 2 and going to 7.5% methano(-1% ammonium hydroxide. The liquid obtained was treated with dry hy- 
drochloric acid in ether and the resulting solid re crystallized from ethyl acetate to give 0.22 g of 1-(1, 2,5,6- 
tetrahydro-1-methyt-3-pyridinyl)-1-butanone hydrochloride, 11% yield, mp 106-108 °C. pmr ppm(deuterium ox- 

30 ide) 0.9 (3H, t), 1.62 (2H, m), 2.78 (4H. m), 3.0 (3H, s), 3.2-4.2 (4H, m), 7.35 (1H, m). 

Anal. Calcd. for C t0 H 17 NO-HCI: C. 58.96; H, 8.91; N. 6.8a Found: C, 58.66; H, 8.93; N, 6.77. 

Example 4 

35 l-n^^.e-Tetrahydro-l-methyl-a-pyridlnyl^l-pentanone. 

A solution of 1.85 g (0.01 mole) of N-methoxy-1 f N-dimethyl-1 ( 2 ( 5,6-tetrahydro-3-pyridinecarboxamide in 
20 ml of dry tetrahydrofuran was cooled to 0 °C as 1 0 rrd (0.02 mole) of 2 M n- butyl magnesium chloride in tet- 
rahydrofuran was added dropwise. After 1.5 hours, the reaction mixture was poured into 30 ml ice-water con- 

40 tainlng enough 5 N hydrochloric acid to neutralize the amount of Grignard reagent used. The mixture was ex- 
tracted 3X with 25 ml of CH 2 CI 2 and the combined organic extracts washed with brine. After drying and evap- 
orating the solvent a yellow liquid was obtained that was purified by hplc eluting with an 8 liter gradient starting 
with CH 2 CI 2 and going to 7.5% methanol- 1% ammonium hydroxide. The 0.4 g of 1-(1,2,5,6-tetrahydro-1-me- 
thyt-3-pyridinyl)-1-pentanone obtained was converted to an oxalate salt that crystallized from ethanol as a 

45 white solid, 0.4 g, 15% yield, mp 175-176 °C. pmr ppm(deuterium oxide) 0.9 (3H, t), 1.32 (2H, m), 1.58 (2H. 
m), 2.75 (4H, m) f 3.0 (3H, s), 3.25 (1H, m), 3.62 (1H, m), 3.7 (1H, d), 4.19 (1H, d), 7.35 (1H, m). 
Anal. Calcd. for CnHtgNO-CjHaO*: C, 57^55; H, 7.80; N, 5.16. Found: C, 57.18; H, 7.75; N, 5.15. 

Preparation of l-CIA^S-tetrahydro-l-methyl^pyridlnyl^l-pentanone from butylmagnesium chlor- 
50 Me at ambient temperature. 

A solution of 1.85 g (0.01 mole) of N-methoxy-1, N-dimethyl-1,2,5,6-tetrahydro-3-pyridinecarboxamide in 
20 ml of dry tetrahydrofuran was stirred at ambient temperature during dropwise addition of 7.5 ml (0.01 5 mole) 
of 2 M n-butylmagnesium chloride in tetrahydrofuran. The reaction became warm during the addition. After 
55 the reaction had cooled to ambient temperature, the reaction was poured in 30 ml of ice-water containing 4 
ml of 5 N hydrochloric acid. The mixture was extracted 3X with 25 ml of CH 2 a 2 - the extracts washed with brine, 
dried, and the solvent evaporated to give a yellow oil. Purification by hplc as in the previous example gave 
0.75 g of yellow oil that was converted to 0.94 g of 1-<1.2.5,6-tetrahydro-1-methyl-3-pyridinyl)-1-pentanone 
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oxalate, 35% yield. 
Example 5 

1-(1A5.e-Te trahydro.1-methy)-3-pvritllnyl).2.biityn.1.one. 



i y ,^ 3 ^'^ Jran ^ C0 ° ted to 0 °C 7 g (0.152 mole) of 1-ltthtopropyne was added In 1 g portton^ 

UT^IT 3 the reaction mMure wasstlrred 20 minutes then pou^^o w 

l^f 7,16 miXtUre W3S extracted « ^th 50 ml of CH 2 CI> the extracts wasted with brine 

•KS^^TST - 10 ** 2 7 9 * 3 ye "°" liquid - liquid was ««^« to 2.6 g of oxalate 
salt, 60% yield, mp 147 °C dec pmr ppm deuterium oxide) 2.08 (3H, s), 2.8 (2H. m) 3 0 (3H s) 3 17 3 27 
<1H. m). 3.61 (1H. m), 3.75 (1H, d), 4.2 (1H. d). 7.61 (1H, m). X 
Am/. Calcd. for Ck.H.jNO-CjHjO,: C, 56.71 ; H. 5.97; N, 5.53. Found: C. 56.65; H, 5.80; N, 5.35. 

Pi^arattonofN-Methoxv.N.1 ^lnwthvl-^^ 

th JjTZ? ^ l 9 T* e) ° f ^^'^lAa-e-telrahydro^pyridinecarboxylic acid and 100 ml of 
^n^la^e was heated to reflux for 2 hours. The vo.ati.es were evaporated, the residue treated with 200 

a El Z h !T P °!? ,ed - Th8 reSUltin9 • 0 " d W3S ^P 6 ^^ i" 1.2 liters of CH 2 a 2 . 16.25 g 

£.167rnole)of N.C^rnethvlhydroxylamine hydrochloride was added and the mixture was cooled to 0 °C Pvr 
■dme. 40 5 i ml was added dropwise. cooling was removed, and the reaction stirred 2 hours. The solvent was 
evaporated, the residue was suspended in 100 ml of ice-water, and the mixture made bask, ™ IiTSS 

^^^TM rescue was suspended in ether, the mixture fiitered, and the sdvent evaporated to give 
24.25 g of N^thoxy-N.1-dimethyM.2.3.6-tetrah y dro^-pyrklinec a rboxamide as a brown liquid 88% yi^ 
prnr ppmWeutenochloroform) 2.4 (3H. 8 ). 2.5 (2H. m). 2.58 (2H. t). 3.09 (2H. m). 3.2 (3H. s) X (3H s) 6 25 

bv ho^Zfn ma J£* ^, 8uff fcien,,y PUre to 1,6 US6d h ■ ub "*~* ™«*™- but cou.d oeS 2£Z 
™ 8 9radient beflinnln9 "* h dichl0 ""»thane and going to 10% methanol. The Z 
dracrdonde salt crystallized from 2-propanol, mp 182-184 °C. 

Anal. Calcd. for C^jNjOj-HCi: C. 48.98; H. 7.76; N. 12.69. Found: C. 48.70; H. 7.67; N. 12.69. 
Example 6 

1-(1A3.6-T etrahydro.1-methyl-4-pyrldlnyl).ethanone. 

• J 1 *^*!" " 2,14 9 (0 0116 mole) « N ^ eth0 ^- N . 1 -<<™ethyl-1.2,3.6-tetral V drc^pyrMlneca^ 
tefhvll y tetrahyd ^ ran Was <*» ted to 0 -C as 8 m. (oWn**,) of 3 M S^SS^ZSt 
tetrahydrofuran was added dropwise. After 1.5 hours, the reaction mixture was poured into 30 mHcTwat£ 
oontans I enough 5 N hydrochloric acid to neutralize the amount of Gngnard reagent used The mix^S 

o^hesot^^ 

%2?££T ! ^TJT W8S ° btained that WaS ^ With MnxHoile acid to provide 1. 46 g oft 
viefd ^ ^ P ^'^^ hanon6 "y^^ 0 * 6 recrystallfeation from 2-propanol 71% 

yield, mp 166-167 -C. P pm(deuteriochlorofor m ) 2.3 (3H. s). 2.38-2.5 (5H. m*s). 2.57 (2H. t). 3.17 £. m), 6 8 

Anal. Calcd. for C^NO-HCI: C, 54.70; H, 8.03; N, 7.97. Found: C, 54.57; H. 8.25; N, 7.62. 
Example 7 

1-(1^.6-TB trahydro-1-inethy|.4Miyrldlnyl)-propanone. 

m^^'^l 8 ? Uti ° n * eth y 1lithium P fe P areo ' from 1 g (0.14 mol) of lithium and 6.55 g (0.06 mol) bro- 
moethane >n 80 ml of penbne was added 1.85 g (0.01 mol) N-methoxy-N.I-dimethyi-1.2,3. 6-tetalwdroW 

ots?^rd ln f'lvr cooiin9 removed and after4s min the ^ ^sssss 

2?^,nmio^H C .' n T^ T^^^^^^^^^^^eM 
£ rrTf fnlfn^nH* . I TTf ? fe dri6d 8nd ,he SOlVent eva P«a««*- The residue was dissolved in 
1 TZZSSSX ? V 9 (0 ° 11 m0l) °" aliC aCid in 15 ml »f 2-P«*anol. The mixture was heated 
on a steam bath and the volume adjusted to 60 ml with additional 2-propanol. Cooling produced a white pre- 
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cipitate that was collected and recrystallized from 2-propanol to give 1 g of 1-(1,2,3,6-tetrahydro-1-rnethyl-4- 
pyridinyj)propanone oxalate salt as tan flocculant crystals, mp 135.5 °C dec., 41 % yield, pmr ppm(deuterium 
oxide) 1.03 (3H, t), 2.5-2.76 (2H, m), 2.8 (2H, q), Z96 (3H, s), 3.17-3.26 (1H, m), 3.59-3.64 (1H. m), 3.88 (1H, 
d),4.1 (1H, d), 6.93 (1H,s). 

Anal. Calcd. for C^H^O-CaM^: C, 54.31; H, 7.04; N, 5.76. Found: C, 54.28; H, 7.26; N. 5.70. 

Example 8 

1-(1^,3,6-Tetrahydro-1-methyl-4-pyridlny1)-butanone. 

To an fee odd solution of propyllrthium prepared from 1 g (0.14 mol) of lithium and 7.45 g (0.06 mol) of 
bromo propane in 80 ml of pen tan e was added 1 .85 g (0.01 mol) N-methoxy-N, 1-dimethyJ-1 ,2,3,6-tetrahydro- 
4-pyridinecarboxamide in 20 ml of ether. Cooling was removed and after 45 min the reaction was filtered 
v through glass woo! and poured into 30 ml of ice-water. The organics were separated and the aqueous fraction 
extracted 2X with 50 ml of CH 2 a 2 - The extracts were dried and the solvent evaporated. The residue was dis- 
solved in 25 ml of 2-propanol and treated with 1 g (0.011 mol) of oxalic acid In 15 ml of 2-propand. The mixture 
was heated on a steam bath and the volume adjusted to 60 ml with additional 2-propanol. Coding produced 
2.08 g of 1-(1^,3 t 6-tetrahydro-1-methyl-4-pyridinyl)butanone oxalate salt as flocculant crystals, 81 % yield. 
Recrystallization from 2-propanol gives analytically pure material, mp 128 °C dec. pmr ppm(deuterium oxide) 
0.87 (3H. t), 1.58 (2H, m) 2.55-2.65 (2H, m), 2.75 (2H. t), 2.97 (3H, s), 3.16-3.26 (1H. m), 3.6-3.7 (1H, m), 3.86 
(1H, d). 4.16 (1H, d), 6.95 (1H, s). 

Anal. Calcd. for C l0 H 17 NO-C 2 H 2 O 4 : C, 56.02; H, 7.44; N, 5.44. Found: C, 55.80; H, 7.71; N, 5.34. 

Example 9 

1-(1^,3,6-TQtrahydi^1-methyl-4-pyridlnyl)-pentanone. 

Asolution of 1.85 g (0.01 mole) of N^ethoxy-l.r^imethyl-IAS.e-tetrahydro^pyridinecarboxamide in 
20 ml of tetrahydrofuran was cooled to 0 °C as 8 ml (0.01 28 mol) of 1.6 M n-butyllithium in hexane was added 
dropwfee. After 15 min, the excess butyllithium was destroyed with 1 ml of 2-propanol followed by 10 ml of 1 
N hydrochloric acid in ice. The organics were separated and the aqueous phase extracted 2X with 50 mi of 
CH 2 0 2 . The extracts were dried and the solvent evaporated to give a brown liquid that was converted to 1.29 
g of 1-( 1,2,3, 6-tetrahydro-1 -met hyl-4-pyridinyl)-1-penta none hydrochloride after recrystallization from 2-prop- 
anol, mp 150-151 °C, 59 % yield, pmr ppm(deuterium oxide) 0.87 (3H, t), 1.3 (2H, m), 1.58 (2H, m), Z65 (2H, 
m), 2.8 (2H, t). 2.9 (3H. s). 3.3 (1H, m), 3.62 (1H. m), 3.9 (1H. m), 4.12 (1H, m), 6.9 (1H, m). 

Anal. Calcd. for C^H^O-HCI: C, 60.68; H, 9.26; N, 6.43. Found: C, 60.43; H, 9.23; N, 6.60. 

Example 10 

1-(1^ f 3,6-Tetrahydro-1-methy1-4-pyrldinyl)l-2-butyn-1-one. 

To a solution of 1.85 g (0.01 mol) of N-methoxy-l.l^dimethyl-I.^S.e-tetrahydro^pyridinecarboxamide 
in 20 ml of dry tetrahydrofuran was added in portions 4 g (0.087 mol) of 1-lithiopropyne. After addition, the 
reaction was stirred 1 hr then carefully poured into a mixture of ice and 10 ml of 5N HQ. The mixture was ex- 
tracted 3X with 50 ml of CH 2 Cl2, the extracts washed with brine, dried, and the solvent evaporated. The residue 
was converted to an oxalate salt and recrystallized from ethanol to give 0.59 g of ,2,3, 6-tetrahydro-1 -me- 
thyl -4-pyridinyl)-2-butyn-1 -one oxalate, mp 118 °C dec, 23 % yield, pmr ppm(deuterium oxide) 2.1 (3H, s), 2.5- 
2.75 (2H. m), 3.4 (1H, m), 3.65 (1H, m), 3.92 (1H, d). 4.2 (1H, m), 7.3 (1H, s). 

Anal. Calcd. for C 10 H 13 NO-C 2 H 2 O 4 : C, 56.71; H, 5.97; N t 5.53. Found: C. 56.49; H, 6.05; N, 5.39. 

Example 11 

1-(1>2 > 3.6-Tetrahydro-1-methyl-4-pyridinyl)-2-methylbutanone. 

Asolution of 1.85 g (0.01 mole) of N-methoxy-1,N-dimethyl-1,2,3,6-tetrahydro-4-pyridinecarboxamide in 
20 ml of tetrahydrofuran was cooled to 0 °C as 15 ml (0.0195 mof) of 1.3 M sec-butyllithium in cyctohexane 
was added dropwise. After 1 hr, the reaction was poured into 50 ml of ice-water. The organics were separated 
and the aqueous phase extracted 2X with 50 ml of CH 2 CI 2 . The extracts were dried and the solvent evaporated. 
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,?J1k J ! Wa !~ nVert8d to an 0X8,8,6 8811 8011 recrystallized from 2-propanol to give 0.9 g of 1-(1 2.3 6- 
teMtf^-Mt^wWhZ^Wb^noneoxaxe, mp 149-151 'Cdec.. 33 % yield. pWopmloSet 

T.???,™ 2 <3H - * 105 (3K d) ' 145 < 1H ' »* 162 < 1H - m > 2 ^2.8 (2H. m . 3.0 (3H slTlK?^ 
m). 3.6-3.7 (IH.m). 3.9 (1H,d), 4.15 (1H,d), 7.02 (1H.S). A1SKJ ' 37 < 2H ' 

Anaf. Calod. for C^.H^O-CjH^: C. 57.55; H, 7.80; N, 5.16. Found: C, 57.25; H, 7.88; N, 5.46. 

Example 12 

1-(1^.6-Tetrahydfo-1-ii Hithy|.4-pvridlnyt)-23-dlmethvlproi>anone. 

75 n^il!" ° f 18 L 9 2V»1"? B > * N ^«h°*y-1.rWiinethyMA3,6-tetrah^ in 

After 30 the reaction was poured into 50 ml of ice-water. The organics were separated and the aqueous 
Phase extracted 2X with 50 m! of CH 2 C, The extracts were driedVnd the solvent^porated. £ Z£Z 
7£ZZ£££^ ^ na ^ Mb * 1 ******* to fllve 0.91 g of H1 ^.3.6-te^dVc! 
ITXT^ JT^^Tr^ mP 109 - 11 ° °°- 34 % ^ PP«Xdeutenum oxide) 
(IK i) (1H ' m) ' 3 ' 57 " 3 63 (1H< "* 3 8 (1H> d)> 4 06 (1H ' d) ' 6 5 

Anal Calcd. for Ct^NO-C^O,: C, 57.55; H, 7.80; N, 5.16. Found: C, 57.26; H, 7.73- N 5 37 
- t »i r 7 to I? 18 '" nicotinicrece P t <« ««s performed using the method of Abood and Grasd.Abood LE 
et al.. Biochem Pharmacol . 35:4199-1202 (1987). Frozen rat brain cortices (Pel-Freez Blologicals S ArJ 
US L? a /T r0n (Bink,nan,, PT - 10: ^ « sec) in 30 ^umesTbu'^' nS 

7 fat 4^ Z,, 0nde ' 5 t mM P0 ' aS8iUm Ch,0r,de • 2 mM C8ldUm Chl0fld8 ' 1 mM ma 9" 88 ™ chiorSe. 
pH 7.3 at 4 C). The homogenate was centrifuged at 1.000 xg for 10 min. (Sorval RC-5B; SA600 rotor) The 

SStTi « V 1f' am ^ T m " tiSSU6 - Rnal protein «*"**lont for each assay were deternT* 
using the Lowry et al. method. Lowry, O.H. et al., J. BJoj^Chem. 193:265-275 (1 951) 

M u„^!^ th il" Ca !l^* d i ne i ° dide (PH]MCC) bindina to rat cortices waa ^^ured by f iltration. Com- 
nZ£tT^T, * W8terat COnCentra " 0nS * 1 nM to 1 mM . «» incubated with PHJMCC (1 rfST 
membrane ahquots (approximately 1 .5 mg./ml. protein) and buffer, in a final volume of 0.5 ml. Trip) cate samotes 

otine. AH PHJMCC assays were terminated by filtering the samples over Whatman GF/B glass-fiber filters on 

^ M l b0 r d , W3S de,ermined 8fter 8 P 8 ** °f equilibration (at least 5 hr) in Beckman Ready Protein 
Scinti nation Cocktail using a Beckman LS5000 TA counter with an efficiency of 43% 

obtTSlT' ^Tl . tri, ! liCa,e • a " d ,he mean values «* ,hreB ^P 8 "" 8 experiments were used to 

tEZL 11 S T; ^ yS ' S * th6 date WM D8rfbrmed nonlinear least-squares regression 
Munson, P.J. and Rodbard. J.D.. Anal. Biochem. 107220-239 (1 980). ^ 



Materials 



NucE^n ^A? t ^ ^ """^ 3CtiVity 840 CVMMol) was P""* 88 * from New England 
Nuclear (Boston. MA). All other reagents were purchased from Sigma Chemical Company (St. Louis MO) 

The hippocampus from male Sprague-Dawley rats was homogenized in 10 volumes of 0.32 M sucrose 
centnfuged a 1 000 x g for 1 0 min. and the supernatant was centrifuged at 17.000 xg for 20 min Th es Z^ 
(PJ W3S "O"^ 8 "^ ^ 50 volumes of 20 mM TnWburfer P HM and «ntZ£ 
a S2^ B T "uffer. the suspension was preincub^ed 1 3u mTa^C 

T^ZiT^- ^ 6 Pe ' et WaS resu8 P 8nd8d in 3 of buffer and frozen at -70 -C until used. 

a |«d *. n \ u f Z 01 oxo,reniorin8 - M to hippocampal membranes was determined by adding unlab- 
el* 3 nM 'H-oxotremorine-M (87 Ci/mmol. New England Nuclear), and hippocampal membranes eauhT 
dent to 10 mg tissue wet weight (about 0.1 mg protein) in 1 mL total volume of tJ^Tm^hZ 
For oxobemonne-M binding, the homogenates were incubated at 25 °C for 15 min. After incubation' the ha! 
mogenates were iltered through Whatman GF/CfJters with vacuum. Thefilters were rinsed vSli mL of 

tM^oJedl' T?„ " scintil,at ' on Via,s W,nteinin9 ^ Protein+ ( Beckman ) sdntiii8tto " r!££ 
EKSSfiS H5ST determB,ed by ,iquid spectrome " y - Non specmc b ™«° - da - 

The concentration of compound required to inhibit binding 50% (IC*) was calculated using the ALLFIT pro- 
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gram. 

Tables II and III show the affinity of these compounds for nicotinic and muscarinic receptors as determined 
by PH]N-methy^carbamyl choline bdide(PH]MCC) and PH]oxotremorine (PH]OXO) bindings, respectively, to 
rat cortical membranes. These compounds, however, show selective affinity for nicotinic receptors as com- 
pared to muscarinic receptors, i.e. OXO/MMC >1. 



TablP tj 

N i cotinir ppcmtor Affinity nf-^ P ~ lr rr , 




-OXO MCC 



Ki Ratio 
OXO/MCC 



CH 3 4380 

CH2CH3 2818 5 . 8 

(CH 2 )2CH 3 2730 i 3 " a 

(CH 2 )3CH 3 13 85 61 ' 3 ^ 

CH3CSC " ^50 5.8 284 



32.7 134 
486 
208 
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ones 




56.7 



Claims 

1. A compound of the formula 




wherein 
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2. A compound of Claim 1 of the formula 



O 



for use as a pharmaceutical. 




3. A compound of Claim 1 of the formula 




for use as a pharmaceutical, 
k A compound of Claim 1 wherein R is Cz-C t alkyl. 
i. A compound of Claim 4 wherein R is -CH 2 CH 3 . 

>. An arecolone or isoarecoJone as defined in any one of Claims 1 to 5 for use in treating a mammal with a 
central nervous system related disorder wherein said disorder is related to nicotinic agonist or antagonist 
activity. 

A pharmaceutical formulation comprising as an active ingredient an arecolone or isoarecolone as defined 
in any one of Claims 1 to 5, or a physiologically-acceptable acid addition salt thereof, associated with one 
or more pharmaceutical^ acceptable carriers, exciplents, or diluents therefor. 

A process for preparing an arecolone as defined in any one of Claims 1 to 5, which comprises reacting 
an appropriately substituted 1,2,5 ( 6-tetrahydropyridine-3-carboxylic acid with N.O-dimethylhydroxyla- 
mine in the presence of a Grignard or organometallic reagent 

. A process for preparing an isoarceolone as claimed in any one of Claims 1 to 5. which comprises reacting 
an appropriately substituted 1,2 f 3,6-tetrahydropyridine-4-carboxylic acid with N.O-dimethylhydroxyla- 
mine in the presence of a Grignard or organometallic reagent 
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